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Background. Human coronavirus NL63 (HCoV-NL63) is a recently discovered human coronavirus found to 
cause respiratory illness in children and adults that is distinct from the severe acute respiratory syndrome (SARS) 
coronavirus and human coronaviruses 229E (HCoV-229E) and OC43 (HCoV-OC43). 

Methods. We investigated the role that HCoV-NL63, HCoV-OC43, and HCoV-229E played in children hos- 
pitalized with fever and acute respiratory symptoms in Hong Kong during the period from August 2001 through 
August 2002. 

Results. | Coronavirus infections were detected in 26 (4.4%) of 587 children studied; 15 (2.6%) were positive 
for HCoV-NL63, 9 (1.5%) were positive for HCoV-OC43, and 2 (0.3%) were positive for HCoV-229E. In addition 
to causing upper respiratory disease, we found that HCoV-NL63 can present as croup, asthma exacerbation, febrile 
seizures, and high fever. The mean age (+ standard deviation [SD]) of the infected children was 30.7 + 19.8 
months (range, 6-57 months). The mean maximum temperature (+ SD) for the 12 children who were febrile was 
39.3°C + 0.9°C, and the mean total duration of fever (+ SD) for all children was 2.6 + 1.2 days (range, 1-5 days). 
HCoV-NL63 infections were noted in the spring and summer months of 2002, whereas HCoV-OC43 infection 
mainly occurred in the fall and winter months of 2001. HCoV-NL63 viruses appeared to cluster into 2 evolutionary 
lineages, and viruses from both lineages cocirculated in the same season. 

Conclusions. _HCoV-NL63 is a significant pathogen that contributes to the hospitalization of children, and 
it was estimated to have caused 224 hospital admissions per 100,000 population aged <6 years each year in 


Hong Kong. 


Coronaviruses are enveloped RNA viruses and are sub- 
divided into 3 groups. Human coronavirus 229E 
(HCoV-229E) and human coronavirus OC43 (HCoV- 
OC43) have been recognized since the mid 1960s as 
causes of upper respiratory disease, including the com- 
mon cold, and are group 1 and group 2 coronaviruses, 
respectively. In 2003, a novel coronavirus (SARS-CoV) 
was identified as the causative agent of the severe acute 
respiratory syndrome (SARS). Its formal taxonomic 
status within the coronaviridae is not yet established 
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[1]. Recently, another group 1 human coronavirus, 
HCoV-NL63, was reported in The Netherlands [2, 3]. 
In one report, 8 adults and children infected with 
HCoV-NL63 virus were documented; 3 patients had 
lower respiratory tract infection, 2 had an unknown 
clinical presentation, and the others had upper respi- 
ratory tract infection. A second report documented the 
same coronavirus in an 8-month-old boy with pneu- 
monia [3]. One hundred thirty-nine other children and 
adults with respiratory tract infections whom tested 
negative for known viral pathogens underwent screen- 
ing, which revealed the virus in 4 more children. How- 
ever, a systematic study of the prevalence of HCoV- 
NL63 infection or its clinical presentation is still lacking. 
Furthermore, there is little information about the sea- 
sonality and clinical role of coronaviruses (other than 
SARS-CoV) in tropical or subtropical climates. 

In 2001 and 2002, we performed prospective clinical 
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and virological studies of children (age, <18 years) with acute 
respiratory tract infection who were admitted to Queen Mary 
Hospital (Hong Kong, China). Data on human metapneu- 
movirus (hMPV) infection, influenza, respiratory syncytial vi- 
rus (RSV) infection, parainfluenza virus infection, and ade- 
novirus infection were reported elsewhere [4]. In the present 
study, we use the clinical specimens to investigate the role of 
HCoV-229E, HCoV-OC43, and the newly discovered HCoV- 
NL63 on childhood respiratory infections. 


PATIENTS AND METHODS 


Hong Kong Island has a population of 288,371 persons aged 
<=18 years, 84,018 of whom are <6 years old (based on 2001 
census data [5]). Two public hospitals of the Hospital Au- 
thority of Hong Kong, Queen Mary Hospital and Pamela 
Youde Nethersole Eastern Hospital, provide 90% of all acute 
pediatric hospital care for Hong Kong Island, with an ad- 
mission ratio of 1:1.65. 

We studied a systematic sample of children (age, <18 years) 
with acute respiratory infection admitted to Queen Mary Hos- 
pital during the period from August 2001 to March 2002. All 
children admitted to Queen Mary Hospital with signs and 
symptoms of respiratory infection on one fixed day each week 
(Tuesday) were included in the study. From April through Au- 
gust 2002, study enrollment times were increased to Tuesday 
and Thursday. All children with respiratory infection were in- 
cluded, regardless of other complaints. Because we had pre- 
viously documented an association between influenza virus A 
infection and febrile seizures, children with febrile seizures were 
also included [6]. Nasopharyngeal aspirate (NPA) specimens 
were collected for virological testing from all subjects. Two 
aliquots of the NPA specimen were frozen at —70°C for sub- 
sequent molecular testing. At the end of the study, all medical 
records were reviewed by a pediatrician (S.S.C.). 

Viral diagnosis. Rapid diagnostic testing for RSV, influenza 
viruses A and B, adenovirus, and parainfluenza virus types 1— 
3 was performed with use of immunofluorescent antigen de- 
tection and culture, as previously described [4, 7, 8]. hMPV 
was detected by RT-PCR [4]. 

Coronavirus RT-PCR. Total nucleic acid was extracted 
from 220 wL of the NPA clinical specimen using the QlAamp 
Virus BioRobot 9604 kit (Qiagen), in accordance with the man- 
ufacturer’s instructions. The total nucleic acid was eluted in 86 
LL of the kit elution buffer and stored at —70°C. cDNA was 
generated using random hexamers, as described elsewhere [9]. 
PCR was performed using a set of consensus coronavirus- 
reactive primers, as well as primers specifically designed to am- 
plify HCoV-229E, HCoV-OC43, and HCoV-NL63 [3, 10, 11]. 

The consensus primers Coro IN6—7 (forward, 5’-GGTTGG- 
GACTATCCTAAGTGTGA-3’; reverse, 5'/-CCATCATCAGAT- 
AGAATCATCATA-3’) amplified the conserved region of the 


Table 1. Viruses identified in nasopharyngeal aspirate speci- 
mens obtained from 587 hospitalized children. 


No. (%) 
Virus(es) of children 
HCoV-NL63 only 12 (2 
HCoV-NL63 and influenza virus A 3 (0.5) 
HCoV-OC43 only 6 (1 
HCoV-OC43 and parainfluenza virus type 1 2 (0.34) 
HCoV-229E only 2 (0.34) 
Influenza virus A only 41 (7 
Influenza virus B only 6 (1 
Adenovirus only 32 (5.5) 
Parainfluenza only 25 (4.25) 
RSV only 41 (7 
Human metapneumovirus only 29 (4.9) 
Multiple pathogens detected 13 (2.2) 
None of the viral pathogens tested 374 (63.7) 


NOTE. HCoV-NL63, human coronavirus NL63; HCoV-OC43, human co- 
ronavirus OC43; HCoV-229E, human coronavirus 229E; RSV, respiratory syn- 
cytial virus. 


coronavirus polymerase gene [9]. Two wL of cDNA was added 
to 50 uL of reaction mixture containing 1X PCR buffer (Roche 
Diagnostic Manufacturer, Germany), 2.5 mol/L each primer, 
100 wmol/L dNTP (Roche), 3 mmol/L MgCl, and 2.5 U of 
AmpliTaq Gold polymerase (Roche). Samples were then heated 
to 94°C for 10 min, followed by 40 cycles of amplification as 
follows: 1 min each of denaturation, annealing, and extension 
at 94°C, 48°C, and 72°C, respectively, followed by final 10 min 
at 72°C. 

RT-PCR was performed in a multiplex format, as described 
elsewhere [11] with modification [12]. The PCR conditions 
were the same as those for the Coro IN6 and 7 RT-PCR de- 
scribed above, except that denaturation was for 2 min at 94°C, 
and annealing was for 1 min at 60°C. Ten wL of PCR products 
were analyzed in a 2% (w/v) agarose gel by electrophoresis and 
stained with ethidium bromide, 0.5 wg/mL. The sizes of the 
PCR-amplified product for the coronavirus consensus (Coro 
IN6-—7), 229E, and OC43 RT-PCR were 440 bp, 294 bp, and 
469 bp, respectively. 

A real-time quantitative PCR specific to the N region of HCoV- 
NL63 was used for specific detection and quantitation in NPA 
specimens [3]. In brief, 2 uL of cDNA was amplified in a 25- 
pL reaction containing 0.625 U of AmpliTaq Gold polymerase 
(Roche), TaqMan buffer A, 0.2 mmol/L dNTP, 5.5 mmol/L 
MgCL, 0.25 U of AmpErase UNG, 0.8 pmol/L each primer, and 
0.4 pmol/L probe. The primer sequences were forward, 5/-AGGA- 
CCTTAAATTCAGACAACGTTCT-3/; and reverse, 5’-GATTAC- 
GTTTGCGATTACCAAGACT-3’. The probe was 5'-6FAM-TGT- 
TGTTTGGGTTGCTAAG-MGBNFQ-3’. 

Reactions were first incubated at 50° for 2 min, followed by 
95° C for 10 min, and they were then thermal-cycled for 40 
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cycles (95° C for 15 s and 60° C for 1 min). Plasmid containing 
the target was used as a positive control. Quantitative results 
are expressed as genome copies per reaction. One copy per 
reaction approximates to 326 copies per 1 mL of NPA. 

Standard precautions were taken to prevent PCR cross- 
contamination during specimen extraction and PCR analysis. 
Positive and negative controls were included in each RT-PCR 
experiment. 

Phylogenetic analysis of HCoV-NL63. PCR-amplified 
products of the la gene [2] were genetically sequenced, and 
deduced viral sequences were analyzed and aligned with use 
of BioEdit, version 5.0.9 (http://www.mbio.ncsu.edu/BioEdit/ 
bioedit.html). 

Statistical analysis. HCoV-NL63 loads per reaction were 
converted to log,, values and correlated with the days from 
symptom onset using Pearson correlation. Unpaired t test was 
used for comparisons between children with high and those 
with low HCoV-NL63 loads. The x? test was used to detect the 
association between HCoV-NL63 load and the number of path- 
ogens identified. A 2-sided P value of <.05 was considered to 
be statistically significant. Data on clinical manifestations in 
patients with HCoV-NL63, influenza A, and RSV infection were 
analyzed with 1-way analysis of variance, and significant results 
were further tested with a post-hoc Tukey-Kramer test. 


RESULTS 


We detected coronavirus infections in 26 (4.4%) of 587 children 
studied during the 13-month period. Fifteen children (2.6%) 
were positive for HCoV-NL63 infection, 9 (1.5%) were positive 
for HCoV-OC43 infection, and 2 (0.3%) were positive for 
HCoV-229E infection (table 1). For comparison, influenza A 
virus was detected in 7.7% of patients, RSV was detected in 
8.2%, and adenovirus was detected in 7.2%, although some of 
these children had multiple viruses detected (table 1). Children 
aged <6 years accounted for 510 of the 587 specimens studied. 
From the identification rate of HCoV-NL63 in our represen- 
tative sample at Queen Mary Hospital, we estimate that 71 
children aged <6 years were admitted to this hospital over a 
12-month period. With use of the known admission ratio be- 
tween the 2 hospitals that provide care for 90% of patients on 
Hong Kong Island, we estimated that 188 children aged <6 
years were admitted because of HCoV-NL63 infection, leading 
to an annual hospitalization rate of 224 hospitalizations per 
100,000 population aged <6 years. 

Table 2 shows the performance of the coronavirus consensus 
and type-specific RT-PCR. Fourteen patients had cases detected 
using the consensus coronavirus primers. Genetic sequencing 
of the PCR-amplified product revealed the infecting virus to 
be HCoV-NL63 in 7 children, HCoV-OC43 in 5, and 229E in 
2. These results were confirmed by the virus type-specific prim- 
ers in all patients, with the exception of 1 patient for whom 


the amplified sequence indicated infection with HCoV-NL63 
(table 2). This additional patient’s case was confirmed using 
third primer set targeted at the polymerase la region used for 
phylogenetic analysis. The human coronavirus type-specific 
primers detected an additional 8 and 4 patients infected with 
HCoV-NL63 and HCoV-OC43, respectively. Therefore, in total, 
15 patients had evidence of HCoV-NL63 infection (table 2). 
HCoV-OC43 infection mainly occurred in the fall and winter 
months of 2001, whereas HCoV-NL63 infections mainly oc- 
curred in the spring and summer months of 2002 (figure 1). 
The mean age (+SD) of the 15 children infected with HCoV- 
NL63 was 30.7 + 19.8 months (range, 6-57 months). Three 
children had no documented fever in the hospital. Two of them 
had a history of fever at home. One totally afebrile child was 
hospitalized for stridor. The mean maximum temperature 
(+SD) for the 12 children who were febrile in the hospital 
was 39.3°C + 0.9°C, and the mean total duration of fever 
(+SD) for all children who were ever febrile was 2.6 + 1.2 
days (range, 1-5 days). Most children presented with respira- 
tory symptoms, although 1 child presented with febrile seizure 
without obvious respiratory infection (table 3). Chest radiog- 
raphy was performed for 8 patients, but all findings were nor- 
mal. Five children (35%) had an alternative microbiologic di- 
agnosis (influenza A H3N2 for 3 children, group A Streptococcus 
species isolated from a throat culture for 1 child with scarlet 
fever, and Campylobacter jejuni in the stool of a child with 
upper respiratory infection and diarrhea). One child with in- 
fluenza A and HCoV-NL63 coinfection also had Escherichia coli 
urinary tract infection. The 11 children who had HCoV-NL63 
as the sole cause of infection and the patient with diarrhea who 
had respiratory symptoms not explained by C. jejuni infection 


Table 2. Comparative results of RT-PCR using consensus and 
specific primers for human coronaviruses NL63 (HCoV-NL63), OC43 
(HCoV-0C43), and 229E (HCoV-229E) in nasopharyngeal aspirate 
specimens of 587 hospitalized children. 


No. of patients with positive 
RT-PCR results, by method 


Coronavirus 


consensus Total no. (%) 
Virus primers and of patients with 
RTEPCR type-specific sequencing of REPCR positive 
finding primers PCR product for each virus 
HCoV-OC43 9 5 9 (1.5 
HCoV-229E 2 2 2 (0.3 
HCoV-NL63 14 Ti, 15 (2.6)° 
Total 25 14 26 (4.6 


* One patient with positive results using the coronavirus consensus REPCR 
had undetectable findings with the HCoV-NL63-specific RT-PCR. This speci- 
men (HK696) was confirmed to be HCoV-NL63 using primers to the HCoV- 
NL63 polymerase 1a region (figure 3). All other specimens that were deter 
mined to be coronavirus positive with the consensus primers were also 
detected by the corresponding type-specific RT-PCR. 


Coronavirus NL63 Infections in Hong Kong * CID 2005:40 (15 June) * 1723 


PIO7 ‘Zz sung UO AjISJOATUA) UOSIOAY Je /310°s[eUINOlpIOJxoO pro//:dyjYy WoI popeojumog 


Percentage of subjects 


MEHCoV=NL63 
MHCoVv=0C43 
E8HCoV=229E 


Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 


2001 


Totaltested 22 36 49 29 31 


Percentage of subjects 


2002 


Month 


37 40 58 77 #75 31 59 43 


+InfluenzaA 
#Influenza B 
*#RSV 
+ Adenovirus 
+Para 


Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 


2001 


2002 


Month 


Totaltested 201 181 220 209 180 243 235 192 238 272 184 208 121 


Figure 1. A, Seasonality of human coronavirus infections in Hong Kong, China. The percentage of subjects with RT-PCR positive for human 
coronavirus NL63 (HCoV-NL63), OC-43 (HCoV-0C43), and 229E (HCoV-229E), as well as human metapneumovirus (hMPV), in the study population of 
587 patients is shown. B, The percentage of patients positive for influenza virus A or B, parainfluenza virus (Para), adenovirus, and respiratory syncytial 
virus (RSV) among all 2684 pediatric admissions during this same period. Adapted from [4]. 


were compared with age-matched children with influenza A or 
RSV infection. Children admitted for influenza A had a longer 
mean duration of fever than did those infected with HCoV- 
NL63 (table 4). Children with HCoV-NL63 infection were less 
likely than those with RSV infection to have lower respiratory 
involvement (9% vs. 63.6%; P = .02). 

If we excluded patients for whom the presence of other re- 
spiratory pathogens was documented, the HCoV-NL63 load in 
NPA specimens appears to correlate inversely with the time 
after onset of symptoms (r = —0.8) (figure 2). If patients were 
categorized into those with high viral load (21000 copies/re- 
action) and low viral load (<1000 copies/reaction), the mean 


times (+ SD) between onset of symptoms (defined as onset of 
fever, if the child was febrile, or as onset of other respiratory 
symptoms, if the child was afebrile) and specimen collection 
were 1 + 0.6 and 2.25 + 0.96 days, respectively (P = .02). Nei- 
ther peak temperature nor duration of fever was found to be 
significantly different between the 2 groups. Six of 10 patients 
with HCoV-NL63 as the sole identified pathogen had a high 
viral load, compared with 1 of 4 children infected with multiple 
viruses (P not significant). One child with HCoV-NL63 upper 
respiratory tract infection had positive results of only the con- 
sensus primer PCR, so no viral load could be measured. 
Phylogenetic analysis of HCoV-NL63 1a gene recovered from 
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Table 3. Clinical data on children with human coronavirus NL63 RNA detected in nasopharyngeal aspirate (NPA) specimens. 
Viral load in 
Age in NPA specimen, 
months, Presenting complaint(s) Discharge copies/PCR Other 
Patient sex Underlying condition(s) (duration of illness, days) Physical examination finding(s) diagnosis reaction microbiological findings 
1 26, F Closed VSD Generalized tonic clonic seizure, Congested tonsils with vesicles, liver Febrile seizure, 70.7 
cough, rhinitis (3) 1 cm below RCM, wheezing asthma 
2 6,M Cough, rhinits (1) Slightly congested throat, liver 1-2 cm URI 
below RCM 
3 29,M sa Cough, hoarse, SOB Congested throat, barking cough Croup 3740 
4 43,M_ Thalassemia trait Generalized tonic clonic seizure, A few maculopapular rashes, 2 more Viral infection, 105,000 
fever (1) seizures in hospital febrile seizure 
5 79) F Rash (1), fever (2) Strawberry tongue, exudative tonsillitis, Scarlet fever 808 Throat swab positive for Strepto- 
generalized erythematous rash coccus pyogenes 
6 29, F Cough, sore throat (2) Congested, enlarged tonsils; seizure in Influenza A, 6.89 NPA specimen positive for 
the hospital febrile seizure influenza virus A (H3N2) 
7 24,F Chromosome 13q deletion, Rhinitis (5) No focus of infection Escherichia coli 382 Catheterized urine specimen posi- 
bilateral hydronephrosis UTI, influenza A tive for E. coli, and NPA speci- 
men positive for influenza virus 
A (H3N2) 
8 30,M Cough, hoarseness (1) Congested, enlarged tonsils Tonsillitis 402,000 
9 9, F Rhinitis, cough (4) Maculopapular rash on face and Influenza A 42,400 NPA specimen positive for 
upper limbs, liver 2 cm below RCM influenza virus A (H3N2) 
10 27,M_~ Asthma SOB, wheezing, cough (2) Diffuse wheezing Asthma 210 
11 9, F Rhinitis (1), barking cough (2) Congested throat, stridor Croup 2390 
12 20, M Rhinitis (0.5), generalized tonic Congested throat URI, febrile seizure 88,800 
clonic seizure for 19 min 
13 16,M Diarrhea (6), rhinitis, cough (6) Congested throat URI, GE 4230 Stool specimen positive for 
Campylobacter jejuni 
14 57,M Fever (2), rhinitis chills, rigor No focus URI 25.1 
15 36,M Rhinitis, cough (1), hoarseness Stridor Croup 400 
NOTE. GE, gastroenteritis; SOB, shortness of breath; RCM, right costal margin; URI, upper respiratory infection; VSD, ventroseptal defect. 
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Table 4. Comparison of clinical manifestations for 11 children infected solely with human 
coronavirus NL63 (HCoV-NL63), influenza virus A, or respiratory syncytial virus (RSV). 


Characteristic 


Maximum temperature, °C 38.8 
Duration of fever, days 1.86 
Duration of hospitalization, days 2.46 
Asthma exacerbation 


It I+ I+ 


Acute bronchiolitis 
Pneumonia 
Croup 


Ooo. 


HCoV-NL63 group Influenza A group RSV group P 
1.13 
0.86° 
1.0 


39.5 + 0.5 38.8 + 2.5 

4.55 + 1.6° 3.46+2.5 <.01 

2.73 + 14 2.73 + 1.0 NS 
0 1 NS 
1 4 046 
1 2 NS 
0 1 NS 


NOTE. Data are mean value + SD or no. of children with characteristic. NS, not significant. 


° P<.05, by the Tukey-Kramer test. 


12 patients indicated that these viruses cluster into 2 evolu- 
tionary lineages. Both lineages were represented in Hong Kong 
and appear to cocirculate in the same season (figure 3). 

The 9 patients with HCoV-OC43 infection had a mean age 
(+SD) of 33.6 + 14.5 months (range, 14-57 months) (table 
5). Two children remained afebrile while in the hospital: one 
was a 28-month-old boy with stridor who never had fever, even 
while at home, and the other was a 23-month-old girl with 
known early asthma who presented with exacerbation of asthma 
and a 6-day history of fever (temperature, =39.4°C) before 
hospital admission. The mean maximum temperature (+SD) 
of febrile children in the hospital was 39.3°C + 0.4°C, with a 
mean total duration of fever (+SD) of 5 + 2.4 days (range, 
1.5-8 days). The mean duration of hospitalization (+SD) for 
this group of children was 2.6 + 1.5 days. Chest radiography 
was performed for 7 patients, and 3 had evidence of infiltrates. 
One of these children also had evidence of parainfluenza type 
1 infection. The discharge diagnoses of the other 2 were viral 
pneumonia and atypical pneumonia (table 4). 

Two children had HCoV-229E identified in their NPA spec- 
imens. One was a 23-month-old girl who presented with rhi- 
nitis, cough, and fever and who was found to have acute otitis 
media and right lower lobe pneumonia during examination. 
Blood culture subsequently yielded Streptococcus pneumoniae. 
The other patient was a 13-year-old boy who had a brain tumor 
and who had undergone renal transplantation, with prolonged 
fever. Tests of his NPA were positive for HCoV-229E on 3 
occasions over the subsequent 3 months. He had minimal re- 
spiratory symptoms throughout and had no abnormalities de- 
tected by chest radiography. 


DISCUSSION 


We documented that human coronavirus infection was a sig- 
nificant cause of hospitalization for children aged <18 years, 
accounting for 4.4% of all admissions for acute respiratory 
infections. The newly discovered HCoV-NL63 was the most 
common coronavirus identified and was estimated to be as- 


sociated with a hospitalization rate of 210.6 hospitalizations per 
100,000 population aged <6 years. 

A previous study showed that 8.2% of children aged <18 
months who were admitted to a Chicago, Illinois, hospital with 
lower respiratory tract diseases had serological evidence of 
HCoV-229E or HCoV-OC43 infection [13]. Of these children 
infected with coronavirus, 59% had pneumonia, 29% had bron- 
chiolitis, and 5.8% had croup. In another study that used an 
ELISA to detect HCoV-229E and HCoV-OC43 antigen in re- 
spiratory tract secretions obtained from 108 children with re- 
spiratory infection and 51 siblings, human coronavirus was 
found in 30% and 29% of the samples from the index children 
and their siblings, respectively [14]. This high level of detection 
could be biased by testing during the winter months and by 
performing tests mostly on specimens that tested negative for 


Log ® viral load/RT-PCR reaction 


0 05 1 15 2 25 3 3.5 
No. of days ill 


Figure 2. Correlation of human coronavirus NL63 (HCoV-NL63) load 
and duration of illness. Patients with multiple respiratory pathogens are 
excluded from this analysis. Viral load is expressed as genome copies 
per reaction, and 1 genome copy per reaction approximates to 326 copies 
per 1 mL of nasopharyngeal aspirate (NPA) material. The viral load appears 
to correlate inversely with time after onset of clinical symptoms, with 
r = —0.8 (by Pearson Correlation coefficient). The equation log,, (viral 
load) = —1.09 (day) + 4.96 was found to predict HCoV-NL63 load in the 
NPA specimen in relation to symptom onset. 
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Figure 3. Phylogenetic analysis of the human coronavirus NL93 (HCoV-NL63) polymerase 1a gene region. Phylogenetic trees were constructed by 
the neighbor-joining method, and bootstrap values were determined by 1000 replicates in MEGA 2.1 (available at http://www.megasoftware.net). Viral 
sequences generated from this study are in bold. Two complete viral genome sequences, HCoV-NL63 and human group 1 coronavirus associated with 
pneumonia (human group 1 coronavirus), and other reference sequences were obtained in GenBank (accession numbers AY518894, AY567488-AY567494, 
NC 005831, and AY675541-675553). Genetic sequences from 4 other patients could not be obtained, because the primers for the polymerase 1a 
region did not amplify a PCR product of sufficient quantity to allow reliable genetic sequencing analysis. 


other organisms. Of the 45 children infected, only 2 children 
had pneumonia. 

HCoV-OC43 and HCoV-229E are reported to have a winter 
seasonality in temperate regions, and preliminary data on the 
new HCoV-NL63 from The Netherlands also suggests a winter 
predominance [2, 10, 15]. In Hong Kong, we found that HCoV- 
OC43 was predominant in the winter, whereas HCoV-NL63 
had a spring-summer peak of activity. There was little cocir- 
culation of these 2 viruses. Our data suggest that the seasonality 
of coronaviruses in tropical and subtropical regions is not re- 
stricted to the winter. 

We have described the clinical spectrum of this newly dis- 
covered HCoV-NL63 in a cohort of hospitalized children. In 
addition to causing upper respiratory disease, we found that 
HCoV-NL63 infection can present as croup, asthma exacer- 
bation, and febrile seizures. The peak age for hospitalization 
with HCoV-NL63 infection was 2-3 years, which is similar to 
that for HCoV-OC43 infection. In comparison, the mean ages 
(+SD) of children admitted to the hospital with influenza, 


hMPV infection, and RSV infection in the same cohort were 
30.2 + 22.6, 31.7 + 18.7, and 19.5 + 17.2 months, respectively 
[4]. In contrast to an earlier report, the majority of children 
with HCoV-NL63 infection in our study had no major un- 
derlying disorders [3]. A coinfecting pathogen was identified 
in 5 of the 15 children. The child with C. jejuni diarrhea also 
had symptoms of an upper respiratory tract infection that were 
not explained by the bacterial infection but were probably at- 
tributable to HCoV-NL63. In the other 4 children, the coin- 
fecting pathogen could fully explain the clinical presentation, 
and it is difficult to comment on the contribution of HCoV- 
NL63. When age-matched children with influenza A or RSV 
infection and HCoV-NL63 infection were compared, children 
with HCoV-NL63 infection had a shorter duration of fever than 
did those with influenza A, and they were less likely to have 
lower respiratory tract involvement than were those with RSV 
infection. The duration of hospitalization seemed to be equiv- 
alent for all 3 infections. Rapid virological diagnosis of RSV 
infection and influenza were available to clinicians, but diag- 
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Table 5. 


Characteristics of children with human coronavirus 0C43 infection. 


Age in Other 
months, Underlying Physical examination Discharge microbiological 
Patient sex condition(s) Presenting complaint(s) finding(s) diagnosis finding 
1 14, F Iron deficiency anemia Cough, rhinitis, vomiting NAD Viral infection 
2 23, F Down syndrome, asthma Cough, rhinitis, wheezing Wheezing Asthma exacerbation 
3 A7,F None Cough, rhinitis, left ear pain Left otitis media Acute otitis media 
4 57, Iron deficiency anemia, Cough, rhinitis, abdominal Congested throat, retro- Pneumonia 
a-thalassemia trait, pain cardiac opacity on chest 
febrile seizures radiograph 
5 28, one Rhinitis, SOB, hoarseness Barking cough, stridor Croup 
6 20, F one Cough, rhinitis, seizure Congested throat URI, febrile seizure fina 
7 27, F one Cough, rhinitis, chills, loose __Infiltrates at right costo- Parainfluenza type 1 NPA specimen posi- 
stool phrenic angle on chest Pneumonia tive for parainflu- 
radiograph enza virus type 1 
8 47, one Cough, rhinitis, seizure Congested tonsils with Parainfluenza type 1, | NPA specimen posi- 
exudates febrile seizure tive for parainflu- 
enza virus type 1 
9 39, M one Cough, rhinitis Bilateral crepitation, con- Atypical pneumonia 


gested throat, RLL infil- 
trate on chest 
radiograph 


NOTE. NAD, no abnormality detected; NPA, nasopharyngeal aspirate; RLL, right lower lobe; SOB, shortness of breath; URI, upper respiratory tract infection. 


nosis of HCoV-NL63 infection was retrospective. Availability 
of rapid diagnosis has been shown to result in shorter hospital 
stay [7]. 

The HCoV-NL63 load in the nasopharynx is high during the 
first 1-2 days of symptoms and decreases in the next few days 
(figure 2). No correlation with disease severity was observed. 
These viral load data derived from cross-sectional data for a 
small cohort of patients and need to be further confirmed with 
sequential specimens. This pattern, with peak viral load around 
the onset of disease, is similar to that seen for influenza but 
different from that observed for SARS [16, 17]. The quantitative 
RT-PCR missed 1 of the patients with HCoV-NL63, suggesting 
that further optimization of the primer and probe sequence is 
required. 

HCoV-OC43 was associated with exacerbation of asthma and 
pneumonia, as well as upper respiratory tract disease, in this 
study. In 1 study of 11 hospitalized US military recruits who 
only had evidence of coronavirus seroconversion, 36% had 
pneumonia [18]. Asthma exacerbation was found in 14% of 
children with HCoV-NL63 infection and in 11% of children 
with HCoV-OC43 infections in this study [19]. 

HCoV-229E was repeatedly detected in 1 immunocomprom- 
ised child over 3 months. Genetic analysis of a 305-bp region 
of the spike protein region of 229E revealed that these 3 spec- 
imens had identical genetic sequence (unpublished data). How- 
ever, more contemporary HCoV-229E sequences from Hong 
Kong would be needed to conclude whether the sequence iden- 
tity in these 3 specimens provided evidence of virus persistence 
rather than reinfection. Both reinfection with human corona- 
virus and prolonged shedding have been previously reported 
[14]. 


A number of children with human coronavirus infection had 
other pathogens detected in the same clinical specimen. Mul- 
tiple pathogens in the respiratory tract of patients with respi- 
ratory disease are being increasingly recognized [13]. It is dif- 
ficult to establish whether these are true coinfections or whether 
one of the pathogens represents continued shedding from a 
previous infection. It was previously shown that human co- 
ronavirus was detectable by PCR in 0.4% of patients without 
symptoms of respiratory tract infection and that HCoV RNA 
could be detected by real-time RT-PCR up to 14 days after 
infection [12]. In patients with coinfection, the apparent as- 
sociation between influenza virus A with HCoV-NL63 and par- 
ainfluenza virus type 1 with HCoV-OC43 is likely due to the 
coincidence of the seasonality of these viruses. 

In conclusion, we demonstrate that human coronaviruses 
contribute to hospitalization of children with respiratory dis- 
ease and that the newly recognized HCoV-NL63 is at least as 
important as—if not more important than—HCoV-229E and 
HCoV-OC43 in this regard. We confirm earlier findings from 
The Netherlands [2] that there are at least 2 lineages of HCoV- 
NL63 and demonstrate that both variants may cocirculate in 
the tropics. A better understanding of human coronavirus ep- 
idemiology is of particular importance in view of potential 
interactions in pathogenesis and serodiagnosis of SARS. 
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